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Abstract 
In this paper, a low-profile multiband antenna with a dielectric pellet for multiple applications is designed. The 
original design is able to provide a wide bandwidth to cover several useful communication bands. Investigations of 
the influences from the ground plane dimension, feeding line position and the coupling between the radiator and 
ground plane provide the possibility to improve the antenna performance. Using the coupling between radiator and 
ground plane, the bandwidth can be further increased towards the higher side of the frequency spectrum. It is finally 
optimized to cover the DCS1800, PCS1900, UMTS, WiMax and WLAN IEEE 802.11 a/b/g frequency bands. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Recently, the multi-functional thin mobile phones or Personal Digital Assistant (PDA) phones with a
thickness of about 10mm are becoming very attractive for wireless users. For application in this kind of 
thin mobile phones, the low profile internal antennas for mobile devices are required to be capable of 
multiband operation. For this application, many planar antenna designs are studied to provide thinner, 
smaller structures with sufficient performance [1]-[3]. 
Planar antennas, including microstrip antenna, printed antennas and metal-plate antennas are generally 
flat in appearance and have a low profile. Such planar antennas have recently found great applications in 
mobile systems, wireless local area networks (WLAN), and ultra-wideband (UWB) communications. To 
ensure the low profile and reduce the size, additional techniques could be combined with the conventional 
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nces [7]. 
planar antenna design, such as the dielectric loading [4]-[6] and the overlapping of multiple 
resona
Moreover, the integration of different communication modules into the same piece of equipment has 
necessitated the need for multiband antennas.  Currently, there are considerable research efforts directed to 
the compact multiband antenna design and many designs have been proposed [8]-[10]. The operating 
principle of these multiband antennas is based on multiple resonances of different parts of the antenna 
structure, including the ground plane of the printed circuit board (PCB). 
In this paper, an internal, low profile multiband antenna will be designed with the help of several 
techniques, such as the ones mentioned above. The original design and its ground plane effects will be 
presented, and the consequent optimization will also be realized in this paper. The operating bands are 
evaluated by CST Microwave Studio TM 2009 [11] with the criterion of return loss S11 less than -6dB. 
Simulated radiation patterns over the whole frequency bands are acceptable. 
 
2. The original design 
The proposed multiband antenna consists of a series of components: A planar dielectric substrate 
having opposing lower and upper surfaces; A metal ground plane on the lower surface of the substrate; A 
microstrip feeding line, on the upper surface of the substrate, having one end connected to a connector for 
the connection of a feed to the antenna and the other end connected to the coating; A metal piece of 
radiator printed on the upper surface of the substrate; A dielectric pellet mounted on top of the piece of 
metal, on the upper surface of the substrate. The 3D perspective view of the original antenna is shown 
in Figure 1(a), and the top and side views are shown in Figure 1(b) and (c). The substrate, constituted by a 
FR4 printed circuit board (PCB), is generally rectangular in shape having dimensions of 70 mm by 30 
mm with the permittivity of 4.7 and the thickness of 1.5 mm. The metallic ground plane printed on the 
lower side of substrate is having dimensions of 52 mm x 30 mm. The microstrip feeding line is printed on 
the upper side of the substrate, having a width of 2.6mm (to achieve a resistance value of 50Ω). The 
distance between the microstrip feeding line and the edge of the substrate is 6.7mm. Furthermore the 
microstrip feeding line is connected to a coaxial cable (through the ground plane) by a known 50Ω SMA 
connector.  The metal radiator extended from the end of microstrip line (printed on the upper side of 
substrate) is rectangular in shape with the length of 16mm and width of 8mm. A dielectric pellet is 
mounted on the top of this radiator, as the loading to help the frequency tuning. The pellet is 
manufactured from low-loss high permittivity dielectric ceramic with relative permittivity of 20, having 
dimensions of 8mm for width, 16mm for length, and 3.5mm for height, respectively. The gap between the 
radiator and the ground plane is 10mm. 
Such a combination of a metallic structure and a dielectric pellet not only makes the antenna more 
compact in size, but also gives an additional tuning mechanism for bandwidth coverage.  The microstrip 
feeding line can be carefully designed to make sure that only one feeding port is required to operate the 
antenna in a number of frequency bands. 
The -6dB bandwidth (VSWR<3) of this antenna covers 1470MHz ~ 3018MHz frequency bands, 
including the Digital Cellular System (DCS) 1710MHz ~ 1880MHz, Personal Communications Service 
(PCS) 1850MHz ~ 1990MHz, Universal Mobile Telecommunications System (UMTS) 1920MHz ~ 
2170MHz and WLAN IEEE 802.11b/g 2400MHz ~ 2480MHz. Although the proposed antenna already 
covered 4 useful bands, further investigation is still needed in order to provide the coverage of Worldwide 
Interoperability for Microwave Access (WiMax) and WLAN IEEE 802.11a around 3.5GHz and 
5.2/5.8GHz, respectively. 
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(a) 3D perspective view (b) Top view (c) Side view  
Figure 1 Geometric structure of the original antenna design 
3. Parameter Studies 
3.1. Studying the dimensions of the ground plane 
Dimensions of the PCB and ground plane are important factors for this antenna. To evaluate the 
ground plane effect, the ground plane length was firstly modified. By varying the substrate length 
L=60mm, 70mm and 80mm, corresponding to the length of the metal ground plane (Lg=42mm, 52mm 
and   62mm). In this stage, all the other parameters, such as the substrate / ground plane width (W), width 
between ground plane and metal radiator (gap) are all kept unchanged, to minimize the interference 
between these parameters. The simulated return losses are plotted in Figure 2. 
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Figure 2 S11 due to varying ground plane length (Lg) 
(Unit: mm) 
Figure 3 S11 due to varying ground plane width (W) 
(Unit: mm) 
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Figure 2 shows that both the first and second resonances are influenced by the length of ground plane, 
as a result of the surface current flows on the ground plane. Therefore, the ground plane width must also 
have significant effect on the antenna performance. The prototype antennas with varied ground plane 
width from 25mm to 40mm are simulated and their return losses are plotted in Figure 3. It present that the 
first resonance is irrelevant to the ground plane width, while the second resonance strongly relies on it.  
3.2. Learning the surface current distribution 
The surface current distribution plotted in Figure 4 illustrates that both the ground plane long edge 
(quantified by the ground plane length L) and its short edge (quantified by the ground plane width W and 
influenced by the feeding line position xmin) contributes to the antenna’s radiation performance. 
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Figure 4 Surface current distribution at 1.71GHz  Figure 5 S11 due to varying gap width (gap) (Unit: mm) 
 
Arrows on Figure 4 illustrate the electromagnetic coupling between the metal radiator and the ground 
plane. Therefore, the gap width between the metal piece and ground plane front edge will also influence 
the coupling and the corresponding performance. Varying the gap width between the metal radiator and 
ground plane front edge (gap), the simulated return losses are plotted in Figure 5. It is observed that when 
gap is larger, the antenna is operating at the low frequency band (around 1.5GHz) with a very deep null. 
However, when gap is small, the antenna provides a wider bandwidth in the higher frequency range (from 
3GHz up to 6GHz).  
3.3. Introducing the secondary gap 
In order to combine the benefits of both small and large gaps, the secondary gap is introduced into the 
design. As shown in Figure 6, the slot on ground plane with the width of slotw is placed certain distance 
(slotp) from the ground plane front edge. Based on the previous investigation of gap width, the values of 
gap and slotp are selected as 2mm and 20mm. The simulated return loss is plot and compared with the 
original design with gap width of 2mm and 20mm in Figure 7. 
As the solid curve on Figure 7 shows, the modified design provides both low frequency band coverage 
from 1.34GHz to 2.46GHz, as well as the high frequency band from 4.77GHz to 6GHz. 
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Figure 6 2D geometric parameters of the modified design Figure 7 S11 due to varying gap width (gap) Unit: mm 
4. Optimised Design 
With the knowledge of the ground plane effect and function of gaps, the new antenna with dual gap 
proposed in last sub-section could be optimized to extend the frequency coverage to higher frequency 
range. The rectangular metal radiator and dielectric pellet are modified to trapezoidal shape to improve 
the impedance matching. 
-30
-24
-18
-12
-6
0
0 1 2 3 4 5
Frequency (GHz)
Re
tu
rn
 
Lo
ss
 
(dB
)
6
Original
Optimised
 
  
(a) x-y plane (b) x-z plane 
Figure 8 Comparison of the return losses of original and 
optimized antenna design 
Figure 9 Radiation patterns at 1.8GHz (Solid line: original design; 
dashed line: optimized design) 
(c) Side view 
The 6dB bandwidth (VSWR ≤ 3) of the illustrated antenna covers 1.35GHz ~ 2.70GHz, 3.07GHz ~ 
3.77GHz and 4.49GHz ~ 6.0GHz, and the antenna is therefore well suited for coverage of several useful 
wireless communication bands. More particularly the illustrated antenna can provide a multiband 
performance, covering the following communication frequency bands: a) DCS 1800MHz; b) PCS 
1900MHz; c) UMTS 1920MHz ~ 2170MHz; d) WLAN IEEE 802.11b/g 2400MHz ~ 2480MHz; e) 
WiMax 3.4 ~ 3.6GHz; f) WLAN IEEE 802.11a 5.2/5.8GHz. Simulated radiation patterns at 1.8GHz are 
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shown in Figure 9. The radiation pattern at x-y plane (H-plane) is omni-directional, while the y-z plane 
(E-plane) is in donut shape. 
5. Conclusions 
In this paper, a dielectric loaded multiband antenna with feeding by a simple 50Ω microstrip line for 
multiple applications was designed. Studying of the ground plane effects and the radiator-ground 
coupling assisted the improvement of the antenna performance. By utilizing the coupling between 
radiator and ground plane, the bandwidth was extended upwards to WiMax and WLAN IEEE 802.11a, 
while keeping the coverage of DCS1800, PCS1900, UMTS, WiMax and WLAN IEEE 802.11 b/g 
frequency bands. The antenna can be used in multifunctional wireless personal terminals with integrated 
multimode mobile schemes and Wireless LAN. 
References 
[1] K. L. Wong, G. Y. Lee, and T. W. Chiou, “A Low-Profile Planar Monopole Antenna for Multiband Operation of Mobile 
Handsets”, IEEE. Trans. on Ant. & Prop., VOL. 51, NO. 1, JAN. 2003. 
[2] G. Y. Lee, T. W. Chiou, and K. L. Wong, “Broadband Stacked Shorted Patch Antenna for Mobile Communication Handsets”, 
APMC, Taipei, Taiwan, 2001. 
[3] J. Liang, L. Guo, C. C. Chiau, X. Chen and C. G. Parini, “Study of CPW-fed Circular Disc Monopole Antenna for UWB 
Wideband Applications”, IEE Proc.-Microw. Antennas Propag., Vol. 152, No. 6, DEC. 2005. 
[4] T. Palmer, S. Wilson, S. Tyler and S. Kingsley, “An electrically small dielectric antenna with wide bandwidth”, GB 
2393039A. 
[5] K. P. Esselle, “A dielectric-resonator-on-patch (DROP) antenna for broadband wireless applications”: concept and results, AP-
S 2001, USA. 
[6] Z. Wang, C. C. Chiau, X. Chen, B. S. Collin and, S. P. Kingsley, “Optimisation of a Broadband Dielectric Loaded Printed 
Antenna”, MOT Letters, Vol. 48, No. 8, August 2006. 
[7] X. Chen and P. Massey, “Operating principle and features of planar UWB monopoles and dipoles”, IET Symposium on Ultra 
Wideband Systems, Technologies and Applications, 20-21 April 2006, London, UK. 
[8] P. Nepa, G. Manara, A.A. Serra, G. Nenna, “Multiband PIFA for Wireless LAN Mobile Terminals”, IEEE Antennas and 
Wireless Propagation Letters, vol.4, 349-350, Sep. 2005. 
[9] G.R. Kadambi, S. Yarasi, J.L. Sullivan, T. Hebron, “Miniaturized Dualism ISM Band Internal Antennas”, AP-S 2003, USA. 
[10] Y. X. Guo, M. Y. W. Chia, and Z. N. Chen, “Miniature Built-In Multiband Antennas for Mobile Handsets”, IEEE. Trans. on 
Ant. & Prop., VOL. 52, NO. 8, AUG. 2004. 
[11] CST Microwave Studio, version 2009. 
